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Abstract: Strontium-isotope measurements on Lower Cretaceous marine rocks derive from belemnite 
material sampled in ammonite-constrained basinal successions. A group of values with a narrow range 
across the Barremian/Aptian boundary does not allow the separation of the uppermost Barremian 
(Martelites sarasini ammonite zone) from the lower Aptian pro parte (Deshayesites oglanlensis-D. for-
besi ammonite zones). Growing numbers of studies applied Sr-Isotope Stratigraphy (SIS) on Barre-
mian-Aptian shallow-marine sequences (Urgonian facies) in order to solve controversial results obtai-
ned by using different shallow-water biological time markers. Based on re-examination of case studies, 
we conclude that Sr-isotope values can neither be used to prove nor to disprove the location of the pu-
tative Barremian/Aptian boundary based on biostratigraphy. Pending more data available, SIS should 
be used with caution for dating ammonite-free carbonate sediments in the corresponding time interval. 
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Résumé : La stratigraphie isotopique du Strontium est-elle une méthode fiable pour dater 
les plates-formes carbonatées à la transition du Barrémien à l'Aptien ? Révision de cas 
d'études en Téthys occidentale.- Les mesures de l'isotope du Strontium dans des roches carbona-
tées marines du Crétacé inférieur proviennent de restes de bélemnites récoltés dans des séries de bas-
sins datées directement par ammonites. Autour de la limite Barrémien/Aptien, une gamme étroite de 
valeurs du Strontium ne permet pas de distinguer le Barrémien supérieur (Zone d'ammonite à Marteli-
tes sarasini) de l'Aptien inférieur pro parte (zones d'ammonite à Deshayesites oglanlensis et D. forbe-
si). Pourtant, l’application de la Stratigraphie Isotopique du Strontium (SIS) sur des séquences mari-
nes carbonatées barrémo–aptiennes (à faciès urgonien) apparaît dans un nombre croissant d’études, 
essentiellement afin de résoudre les datations souvent controversées des marqueurs biologiques d’en-
vironnements peu profonds. La révision de ces cas d'étude montre que l’utilisation des valeurs de l'iso-
tope du Strontium n’est pas un outil fiable pour prouver ou réfuter la localisation de la limite Bar-
rémien/Aptien telle que déduite par la biostratigraphie. Dans l'attente de données complémentaires, la 
SIS doit être utilisée avec précaution pour dater des séries carbonatées non datées directement par 
ammonites dans l'intervalle de temps concerné.  
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1. Introduction 
Extensive data have been collected on the 
changes of the strontium isotopic record 
(87Sr/86Sr) of Lower Cretaceous marine rocks and 
fossils over the three last decades (e.g., JONES et 
al., 1994; BRALOWER et al., 1997; HOWARTH & 
MCARTHUR, 1997; MCARTHUR et al., 2001, 2004, 
2012; MASSE & STEUBER, 2007; BURLA et al., 2009; 
BODIN et al., 2009, 2015; HUCK et al., 2010, 
2011, 2012, 2013; MUTTERLOSE et al., 2014; HUCK 
& HEIMHOFER, 2015). Strontium isotope measure-
ments from well-preserved, originally calcitic, 
shell material (oysters, rudists, belemnites, 
planktonic foraminifera) are assumed to reflect 
the isotopic composition of the sea-water (VEIZER, 
1989; MEARON et al., 2003; STROHMENGER et al., 
2010), but its record has also been developed as 
a chronostratigraphic tool using external calibra-
tion by biological (ammonites, planktonic forami-
niferas, calcareous nannofossils) and/or geoche-
mical (δ13C, δ18O) markers on reference basinal 
series (e.g., JONES et al., 1994; MCARTHUR et al., 
2001, 2004; BODIN et al., 2009, 2015). 
In recent years, Strontium-Isotope Stratigra-
phy (SIS) has been used to date ammonite-free, 
shallow-marine carbonate sequences of Barre-
mian-Aptian age (Urgonian facies) in order to 
solve controversial results using orbitolinids 
and/or rudists as time markers (e.g., MASSE & 
STEUBER, 2007; BURLA et al., 2009; HUCK et al., 
2011; HUCK & HEIMHOFER, 2015). Our paper ad-
dresses this problem by a re-appraisal of the Bar-
remian-Aptian strontium isotope record with 
respect to the standard Mediterranean ammonite 
zonation, and re-examine SIS-derived datings of 
well-documented Urgonian series of the western 
Tethys. We will try to decipher the underlying 
causes of the mismatch between this technique 
and biostratigraphy. 
2. Generalities 
on the Barremian-Aptian transition 
In the Mediterranean Tethys, the upper Barre-
mian includes four ammonite zones according to 
the current standard zonation discussed by the 
IUGS Lower Cretaceous Ammonite Working 
Group (REBOULET et al., 2014) (Fig. 1). The two 
uppermost zones are the acme of uncoiled (I. 
giraudi Zone) and recoiled (M. sarasini Zone) 
Heteroceratidae that provide long-distance corre-
lative bioevents at the scale of the Tethys 
(KLINGER et al., 1984; DELANOY, 1997; LEHMANN et 
al., 2015). 
By means of ammonites, the base of the 
Aptian is defined at the First Appearance Datum 
of the Deshayesitidae (e.g., RAWSON, 1983; BIR-
KELUND et al., 1984; REBOULET et al., 2011, 2014), 
and more specifically at the FAD of Deshayesites 
oglanlensis. Unfortunately, this ammonite bio-
event has so rarely been documented as a result 
of ammonite-free stratigraphic interval (SE Fran-
ce - DELANOY, 1995; SE Italy - LANDRA et al., 
2000; Tunisia - LEHMANN et al., 2009; NE Spain - 
BOVER-ARNAL et al., 2016; Turkmenistan - CECCA 
et al., 1999a; Japan - ANDO et al., 2002), syn-
depositional hiatus (Spain - AGUADO et al., 1997) 
or erosion (North Italy - LUKENEDER et al., 2012), 
while continental conditions prevailed over most 
of the Boreal Realm at that time (LEHMANN et al., 
2015, and references therein). 
The lower Aptian, formerly referred as Bedou-
lian in the Cassis-Roquefort-la-Bédoule unit-stra-
totypical succession of southern France (FABRE-
TAXY et al., 1965; MOULLADE et al., 2000), is divi-
ded into four ammonite zones (Fig. 1). However, 
the definitions of their boundaries have been 
much debated in the past decades (e.g., CASEY et 
al., 1998; ROPOLO et al., 1999, 2000a, 2000b, 
2006; MORENO-BEDMAR et al., 2009, 2010, 2012, 
2014; BERSAC & BERT, 2012, 2015; FRAU et al., 
2015), and no consensus has been yet reached 
regarding their vertical extension and long-
distance correlation. This is the case for the D. 
forbesi-D. deshayesi zones including the sprea-
ding and culmination of the Ocean Anoxic Event 
(OAE) 1a (MORENO-BEDMAR et al., 2009). The 
latter refers to the worldwide, massive deposition 
of organic-rich black shales in deep basinal set-
tings associated to a major perturbation in the 
global carbon cycle (MENEGATTI et al., 1998). The 
carbon isotope curve of the OAE 1a has been 
divided in eight diagnostic segments (C1 to C8) 
by MENEGATTI et al. (1998), among which the 
black shales deposition culminates through the 
C3 pro parte to C6 isotopic segments in the Alpi-
ne Tethys and its surrounding areas (LI et al., 
2016, and references therein). 










Figure 1: Succession of the Barremian-Aptian marine 87Sr/86Sr ratio from reference ammonite-bearing successions 
of the western Tethys (based on JONES et al., 1994; BODIN et al., 2009, 2015; BOVER-ARNAL et al., 2016) plotted with 
the standard Mediterranean ammonite zonation (REBOULET et al., 2014). Note that the "grey band" spans the SIS 
data below the OAE 1a time interval, and the ratio does not separate the uppermost Barremian (Martelites sarasini 
Zone) from the lowermost Aptian (Deshayesites oglanlensis-D. forbesi pro parte zones). 
Reinterpretation of the ammonite-bearing suc-
cessions of southern France (FRAU et al., 2015, 
work in progress) and northern Spain (MORENO-
BEDMAR et al., 2009, 2012; NAJARRO et al., 2011) 
indicates that the OAE 1a-related time interval 
encompasses the upper D. forbesi and lower D. 
deshayesi standard zones. These results contra-
dict the current ammonite age-calibration of the 
OAE 1a used in the two last versions of the Geo-
logic Time Scale which located this event in the 
upper part of the D. deshayesi Zone (GRADSTEIN et 
al., 2012; OGG et al., 2016). This misinterpreta-
tion relies on the use of the D. deshayesi Zone as 
defined by BRÉHERET (1997) and ROPOLO et al. 
(2000b, 2006) in the reference successions of the 
Vocontian (Angles-Combe Lambert-Glaise compo-
site section) and South Provence basins (Cassis-
Roquefort-la-Bédoule) which proved to be erro-
neous (MORENO-BEDMAR et al., 2009; FRAU et al., 
2015, work in progress). 
3. Sr-isotope trends 
in the Barremian-Aptian transition 
Sr-isotope data from ammonite-bearing beds 
at the Barremian-Aptian transition are limited and 
derive from the reference successions of southern 
England (JONES et al., 1994; MCARTHUR et al., 
2004), southeast France (BODIN et al., 2009, 
2015) and northeast Spain (BOVER-ARNAL et al., 
2016). Each case study is discussed below and 
synthesized in Figure 1. 
3.1. Southern England 
JONES et al. (1994) provided the first high-
resolution Sr-isotope curve based on ammonite-
constrained, belemnites and oysters from the 
Middle Jurassic to Lower Cretaceous of Great Bri-
tain. These data stand as the reference SIS curve 
for the Boreal Cretaceous, together with the revi-
sed data of MCARTHUR et al. (2004). Regarding 
our studied interval, JONES et al. (1994) provided 
two values from the upper Barremian of the 
Speeton Clay (Yorkshire Coast) and nine values 
from the lower Aptian of the Lower Greensand 
(Isle of Wight). 









Upper Barremian values derive from belem-
nites collected in association with the ammonites 
Parancyloceras elegans and P. denckmanni defi-
ning the first two zones of the upper Barremian in 
Boreal settings (MUTTERLOSE & BORNEMANN, 2000). 
According to JONES et al. (1994), and later confir-
med by MCARTHUR et al. (2004), the P. elegans 
Zone records the most positive Sr-isotope values 
of the Lower Cretaceous, around 0.707489 if we 
acknowledge the correction proposed by BRALO-
WER et al. (1997) adding 0.000025 to the original 
values. 
Lower Aptian values derive from beds belon-
ging to the Prodeshayesites fissicostatus, De-
shayesites forbesi, Deshayesites deshayesi and 
Tropaeum bowerbanki ammonite zones as defi-
ned by CASEY et al. (1998). Isotope values 
fluctuate from 0.707396 to 0.707430, if we 
acknowledge the same correction proposed by 
BRALOWER et al. (1997). Long-distance correlation 
of Lower Greensand ammonite zones with the 
Mediterranean standard zonation is still a matter 
of debate (MORENO-BEDMAR et al., 2009, 2014; 
BERSAC & BERT, 2012, 2015), but external calibra-
tion by carbon isotope (GRÖCKE et al., 1999) sug-
gests that the Lower Greensand ammonite zones 
encompass the C2 pro parte to C7 isotopic carbon 
segments of MENEGATTI et al. (1998); an interval 
spanning the D. forbesi Zone pro parte to the D. 
furcata Zone in reference ammonite-constrained 
successions of the Mediterranean Tethys (FRAU et 
al., work in progress). 
3.2. Southeast France 
BODIN et al. (2009) documented Sr-isotope va-
lues from belemnites collected in the upper Hau-
terivian, Barremian and lowermost Aptian beds 
from the Vocontian-type Angles section (south-
east France), that was formerly designed as unit-
stratotype for the Barremian Stage (BUSNARDO, 
1965). 
Sr-isotope measurements describe a long-
lasting increase through the upper Hauterivian 
and lower Barremian, ranging from 0.707466 to 
0.707524, with plateau values occurring in the K. 
nicklesi-M. moutonianum pro parte zones. Maxi-
mum value (i.e., 0.707524) falls in the upper-
most K. compressissima Zone. A decreasing 
trend follows with minimum values achieved in 
the lowermost M. sarasini Zone (i.e., values equal 
to 0.707418 and 0.707425). Sr-isotope values in 
the lower Aptian beds assigned to the D. oglan-
lensis (pro Tuarkyricus) Zone and lower D. forbe-
si (pro D. weissi) Zone by DELANOY (1995) are on-
ly based on two measurements equal to 
0.707433. 
BODIN et al. (2015) complemented the Sr-iso-
tope curve by new measurements (10 samples) 
from the I. giraudi-D. forbesi pro parte zones in 
the lateral equivalent Combe Lambert section 
(see details in DELANOY, 1995). Values vary little 
in this time interval and belong to a continuum 
ranging from 0.707448 to 0.707413 
Additional Sr-isotope measurements were 
documented in two other Vocontian sections 
(Serre Chaitieu and Glaise), which exhibit an un-
disturbed OAE 1a succession (locally referred to 
as Niveau Goguel - see details in BRÉHERET, 
1995). This interval spans the C3 to C6 isotopic 
carbon segments (BODIN et al., 2009, Fig. 6). Un-
fortunately, only data from post-OAE 1a levels 
assigned to the upper D. deshayesi and lower-
most D. furcata zones are given by the authors, 
because the Niveau Goguel and its enclosing stra-
ta are devoid of belemnite remains. Sr-isotope 
measurements are significantly low and range 
from 0.707366 to 0.707305. 
3.3. Northeast Spain 
BOVER-ARNAL et al. (2016) documented two Sr-
isotope values obtained from oysters calibrated 
by ammonite occurrences in the shallow-water 
platform carbonates of the Maestrat Basin (NE 
Spain): 0.707466 in beds of the upper I. giraudi 
Zone, and 0.707425 in beds of the lower M. sara-
sini Zone. From the same area, a value of 
0.707390 was measured on a rudist shell from a 
Lithocodium-bearing horizon in the lower part of 
the marl-dominated, ammonite-bearing Forcall 
Formation. According to BOVER-ARNAL et al. 
(2016), this horizon is coeval with the major 
positive carbon shift that mirrors the C4 isotopic 
segment of MENEGATTI et al. (1998), calibrated 
with the uppermost D. forbesi Zone (MORENO-BED-
MAR et al., 2010). Three additional Sr-isotope 
measurements have been documented from 
rudist shells of the Villaroya de los Pinares Fm. 
Bounded by ammonites dating the D. deshayesi-
D. furcata zones. The average value is 0.707356. 
3.4. Standard Sr-isotope curve 
The Sr-isotope compiled curve established by 
BODIN et al. (2009, 2015), supplemented by the 
data of JONES et al. (1994) and BOVER-ARNAL et al. 
(2016), shows the following features and trends 
(Fig. 1): 
(i) Sr-isotope measurements achieve maxi-
mum values through the lower Barremian and re-
cord an overall decreasing trend in the upper 
Barremian pro parte (T. vandenheckii-I. giraudi 
zones). The ratio is characterized by high values 
comprised between ~0.707475 and 0.707500. 
This trend conforms well to that established in 
Boreal settings by JONES et al. (1994) and 
MCARTHUR et al. (2001, 2004), although it does 
not match with the biostratigraphic definition of 
the lower/upper Barremian boundary by means of 
ammonites between the Boreal and Tethyan 
standard scale (MUTTERLOSE et al., 2014); 










Figure 2: Barremian-Aptian palaeogeographic map of the western Tethys and location of the case studies (modified 
from STEUBER et al., 2005). Numbers refer to case studies: 1. Estremadura (Portugal) 2. southern Provence (France), 
3. northern Subalpine Chains (France), 4. Istria (Croatia). 
(ii) A group of Sr-isotope measurements is 
bounded by values of 0.707435 to 0.707410 and 
forms a break in the overall decreasing trend of 
the Sr-isotope curve. This group of values plots in 
a "grey band" in which SIS is unreliable for distin-
guishing the uppermost Barremian (M. sarasini 
Zone) from the lowermost Aptian (D. oglanlensis-
D. forbesi pro parte zones); 
(iii) Measurements from the OAE 1a-related ti-
me interval are limited in both realms but values 
are lower than a threshold fixed at 0.707400 
through the D. forbesi-D. deshayesi pro parte 
zones; 
(iv) A newly recognized decreasing trend of 
Sr-isotope values ranges from 0.707366 to 
0.707305, which characterises post-OAE 1a levels 
and spans the upper D. deshayesi to D. furcata 
zones. 
4. SIS in Urgonian platform carbonates: 
Review of case studies 
SIS based on shell material has been widely 
used for dating ammonite-free, carbonate plat-
forms of Barremian-Aptian age (Urgonian facies) 
in the western Tethys (Fig. 2). This is the case in 
eastern Portugal (BURLA et al., 2009; HUCK et al., 
2012), southern (HUCK & HEIMHOFER, 2015) and 
south-eastern (HUCK et al., 2011, 2013) France, 
and south-western Croatia (HUCK et al., 2010). 
Results and interpretations of these studies are 
exposed and discussed below. Note that carbon-
isotope stratigraphy was frequently used in sup-
port of SIS-derived datings in these case studies. 
The reliability of this method is highly questiona-
ble in Lower Cretaceous shallow-marine carbona-
tes, and its use for stratigraphic purpose most 
often led to controversial uncertainties (see re-
cent discussion in GODET et al., 2016). This pro-
blem is beyond the scope of this work and will be 
addressed elsewhere. 
4.1. Estremadura 
In Estremadura (eastern Portugal), Sr-isotope 
measurements were performed by BURLA et al. 
(2009), and re-examined by HUCK et al. (2012), 
from oysters sampled in the Urgonian Cresmina 
Fm., including the Barremian-Aptian transition 
according to bio- and chemostratigraphic markers 
(Fig. 3). Values are in the range of 0.707405 to 
0.707433 (actually 0.707385 to 0.707457 if 
acknowledging error bars) for the rudistid lime-
stones (Ponta Alta Mb.), which are assumed to be 
of early Aptian age with the occurrence of 
caprinid rudists (REY, 1992; BURLA et al., 2008), 
and 0.707407 to 0.707424 (actually 0.707379 to 
0.707450 if acknowledging error bars) for the 
overlying orbitolinid-bearing beds (Praia de Lagoa 
Mb.) of late early and/or early late Aptian age 
(BURLA et al., 2008), that also include angiosperm 
pollen (HEIMHOFER et al., 2007) and calcareous 
nannofossils (DA GAMA et al., 2012). 










Figure 3: Litho- and Sr-isotope stratigraphy of the Cresmina section (Estremadura, Portugal) with stratigraphic 
interpretations proposed by BURLA et al. (2008, 2009) and FRAU et al. (this work). The late Barremian age of the 
Ponta Alta Mb. follows the recent age-assignment of the Urgonian-type, North Provence caprinid-bearing beds (see 
FRAU et al., accepted). Sinuous lines mark major discontinuities. 
The range of values is almost similar for both 
members and, if plotted onto our compiled curve, 
it spans most of the upper Barremian and the 
entire lower Aptian including the "grey band". 
Although the occurrence of the orbitolinid Praeor-
bitolina cormyi in the Praia de Lagoa Mb. pin-
points the upper lower Aptian boundary (its range 
being constrained by ammonites to the D. 
deshayesi to D. furcata Zones in southeast Fran-
ce - SCHROEDER et al., 2010, and references the-
rein), the calibration of the caprinid-bearing Pon-
ta Alta Mb. is open to discussion and could be ei-
ther latest Barremian or earliest Aptian in age 
(Fig. 3). 
It is noteworthy that the dating of the capri-
nid-bearing beds of the Mediterranean Tethys 
mostly relies on the comparison with the Urgo-
nian-type, North Provence platform series (sou-
thern France), in which the caprinid-bearing unit 
(U2 Unit sensu LEENHARDT, 1883) up to now 
assigned to the D. oglanlensis-D. forbesi pro par-
te zones by indirect correlation with the surroun-
ding basinal settings (MASSE, 1995, 2003; MASSE 
& FENERCI-MASSE, 2011). Isolated Sr-isotope va-
lues from rudist shells measured in the U2 Unit 
also fall in the "grey band" (i.e., 0.707418 to 
0.707449 - MASSE & STEUBER, 2007), and cannot 
be confidently used to pinpoint the age of the 
Urgonian-type caprinid-bearing beds by SIS. 
Their direct calibration is thus a challenging issue 
that could have major consequences on dating 
the demise of the Urgonian rudistid-platform eco-
systems at the scale of the Mediterranean Tethys. 
Note that the current dating of the U2 Unit has 
been recently challenged by FRAU et al. (2017) 
who alleged a latest Barremian age; this age is 
now confirmed by the discovery of overlying 
ammonite occurrences (FRAU et al., 2018). 










Figure 4: Synthetic stratigraphic section of the Barremian-Aptian transition in southern Provence with main litho- 
and bio-events of the Boumandariel (yellow), drowning (rose) and lowermost basinal (blue) sequences (modified 
from FENERCI-MASSE et al., 2005; MASSE & FENERCI-MASSE, 2011), and comparison with the litho- and Sr-isotope 
stratigraphy published by HUCK & HEIMHOFER (2015). Note that major ammonite bio-events support the location of 
the Barremian/Aptian in the lowermost basinal sequence (red line sensu FRAU et al., this work). 
4.2. Southern Provence 
High-resolution, Sr-isotope measurements we-
re performed by HUCK & HEIMHOFER (2015) on the 
Boumandariel sequence sensu FENERCI-MASSE et 
al. (2005) from the western part of the Nerthe 
Massif (Martigues and Sausset-les-Pins sections) 
in southern Provence. This sequence, divided into 
five units (i.e., E1 to E5), represents the topmost 
part of the rudist-rich Urgonian series of southern 
Provence (MASSE et al., 2001; FENERCI-MASSE et 
al., 2005; MASSE & FENERCI-MASSE, 2006) (Fig. 4). 
By contrast with North Provence, the caprinid-
bearing beds are absent due to the progressive 
deepening of this region, which lead to the depo-
sition of the thick, ammonite-bearing succession 
of the South Provence Basin (MASSE & FENERCI-
MASSE, 2011; FRAU et al., 2016). 










Figure 5: Stratigraphic correlations of the uppermost Barremian through the Martigues-Marseille region with the 
first illustration of age-diagnostic heteroceratid ammonites from the Nerthe Massif: (a) and (b) specimens MPP-CR.1 
and MPP-CR.2 of Calanquites gr. katsharavai from Carry-le-Rouet; (c) and (d) specimens FSL.108074 and 
FSL.108083 of Martelites sp. from Gare de Ponteau; (e) specimen FSL.108077 Heteroceras sp. from Gare de 
Ponteau. All ammonites are deposited in the Musée de Paléontologie de Provence (MPP) and the Faculté des Sciences 
de Lyon (FSL). 
Sr-isotope measurements given by HUCK & 
HEIMHOFER (2015) were obtained from rudist 
shells from the E1 to E5 units, essentially requie-
niids and monopleurids (Fig. 4). At Sausset-les-
Pins, the values fluctuate from 0.707324 to 
0.707479, while at Martigues, the range narrows 
from 0.707418 to 0.707448. In both cases, Sr-
isotope values encompass a spectrum which 
apparently covers the upper Barremian and lower 
Aptian if plotted onto our compiled curve. Values 
range from 0.707411 to 0.707324 at Sausset-les-
Pins and were interpreted to be indicative of the 
D. oglanlensis-D. forbesi zones by HUCK & HEIMHO-
FER (2015); assigning de facto a late early Aptian 
age to the post-Urgonian deposits. According to 
these authors, the putative Barremian/Aptian 
boundary falls in the upper part of the Bouman-
dariel sequence but the existence of a major hia-
tus spanning the G. sartousiana and I. giraudi zo-
nes was presupposed by the authors. 
It is noteworthy that HUCK & HEIMHOFER (2015) 
overlooked the extensive litho- and biostratigra-
phic data collected from the Urgonian and post-
Urgonian series of South Provence (MOULLADE et 
al., 2000; MASSE & FENERCI-MASSE, 2011; FRAU et 
al., 2016). Indeed, this series is laterally conti-
nuous from the Nerthe Massif to the so-called 
Calanques Massif, which houses the Bedoulian-
type series. Four guide levels, i.e., the last occur-
rence of the rudist genus Agriopleura located at 
the E2 emersive surface (FENERCI-MASSE et al., 
2005), the Pethrocoprolithus-Favreina calichified 
horizon located at the boundary between the E4 
and E5 units (MASSE, 1966, 1976), and the two 
black shale horizons S1 and S2 (= Niveau Taxy 
sensu MOULLADE et al., 2000) of the drowning se-
quence (MASSE & FENERCI-MASSE, 2011), are 
essential for documenting this continuity and 
support the synchronous demise of the Urgonian 
regime through the study area (Fig. 5). Although 
no ammonites have yet been reported in the 
drowning sequence, three ammonite assembla-
ges occur throughout the lowermost basinal 
sequence (Fig. 5). The lower assemblage is domi-
nated by the Heteroceratidae (Martelites, Hetero-
ceras, Calanquites and endemic genera), which 









progressively disappear and are replaced by the 
Ancyloceratidae Pseudocrioceras, and then by the 
Deshayesitidae Deshayesites (see DELANOY et al., 
1997; ROPOLO et al., 1999, 2000a, 2000b, 2006; 
FRAU et al., 2016). The first two assemblages 
characterize the lower and upper subzones of the 
M. sarasini Zone, while with unanimous agree-
ment the third one begins the Aptian stage in the 
study area (DELANOY et al., 1997; CECCA et al., 
1999b; ROPOLO et al., 1999, 2000a, 2000b; RE-
BOULET et al., 2011, 2014). These ammonite as-
semblages also occur in the Nerthe Massif. As an 
example, we report the occurrence of the Hete-
roceratidae Calanquites gr. katsharavai at Carry-
le-Rouet, as well as the association of Martelites 
sp. and Heteroceras sp. at the Gare de Ponteau 
section (Fig. 5). These taxa date the lowermost 
M. sarasini Zone and confirm the age-assignment 
of the drowning sequence to the I. giraudi Zone 
through the study area (FRAU et al., 2016). 
In summary, there is hardly any doubt that 
the Barremian/Aptian boundary falls in post-
Urgonian basinal series and that the Bouman-
dariel sequence is of early late Barremian age. It 
is currently assigned to the upper G. sartousiana 
Zone in agreement with the Last Appearance 
Datum (LAD) of the rudist genus Agriopleura (see 
MASSE & FENERCI-MASSE, 2015), although CLAVEL et 
al. (2014) argued an older Barremian age by or-
bitolinid occurrences. In any case, the foregoing 
highlights that the calibration of the Barre-
mian/Aptian boundary proposed by HUCK & HEIM-
HOFER (2015) using SIS is erroneous. 
4.3. Northern Subalpine Chains 
Sr-isotope measurements were performed by 
HUCK et al. (2011, 2013) on rudist shells from the 
Urgonian series pro parte in the Cluses-Forclaz 
area (Bornes-Aravis massifs, Northern Subalpine 
Chains). The studied part of the section overlies 
outer platform deposits dominated by bioclastic-
peloidal facies. This succession includes two ru-
dist accumulation units (i.e., Lower and Upper 
Urgonian limestone members sensu WERMEILLE, 
1996, Unit 15 and 18 sensu TRABOLD, 1996; seg-
ments CL7-CL9 and CL11 pro parte-CL13 sensu 
HUCK et al., 2013), that are separated by an orbi-
tolinid-rich episode, which is considered by the 
authors to be the local equivalent of the so-called 
Lower Orbitolina Beds cropping out in the Sou-
thern Subalpine Chains (TRABOLD, 1996) (Fig. 6). 
Note that the upper rudist accumulation unit like-
ly consists of foraminifer-peloidal facies grading 
upward into quartz-rich sands topped by a promi-
nent discontinuity. Post-Urgonian deposits cor-
respond to the Helvetic Greensandstones Fm., 
the basal part of which corresponds to the upper 
Aptian Aujon Beds as defined by PICTET (2016 and 
references therein). 
According to HUCK et al. (2011), Sr-isotope va-
lues of the lower rudist accumulation unit encom-
pass the maximum early-late Barremian change-
over from increasing to decreasing values, while 
values of the upper unit falls in the "grey band" 
as herein defined. Accordingly, HUCK et al. (2011) 
assigned a late Barremian-early Aptian age to the 
rudistid units and the orbitolinid episode of the 
Cluses-Forclaz area. The age would conform to 
the Urgonian Limestone Fm. sensu ARNAUD et al. 
(1998) cropping out in the Southern Subalpine 
Chains. 
In our opinion, the high Sr-isotope values of 
the lower rudist accumulation (ranging between 
0.707476 and 0.707495), followed by a decrea-
sing trend through the CL8-9 segments (average 
values of 0.707461) can be interpreted in two dif-
ferent ways with respect to the Sr-isotope refe-
rence composite curve (i) early-late Barremian 
change-over from increasing to decreasing values 
as HUCK et al. (2011) did or (ii) internal variability 
within the early Barremian Sr-isotope plateau va-
lues. Unfortunately, biological markers documen-
ted in the lower rudist accumulation by TRABOLD 
(1996) do not provide independent evidence for 
interpreting the Sr-isotope curve. Indeed, the or-
bitolinid taxa documented by TRABOLD (1996, Fig. 
4.2) in the lower rudist accumulation unit fall in a 
time interval that spans the lower to lower upper 
Barremian without specifying the ammonite zone. 
Going further, the Highest Occurrence Datum of 
Agriopleura observed at the CL9-CL10 segment 
transition by one of us (J.-P.M.) cannot be 
confidently considered to be the LAD of this rudist 
genus although it similarly falls at a short-term 
emersive surface indicated by both litho- and 
geochemical markers (HUCK et al., 2011), as in 
the southern France record (see § 4.2). 
Above, a set of six Sr-isotope values was 
documented in the upper rudist accumulation unit 
while no confident measurement has been possi-
ble for the orbitolinid-rich episode due to values 
below the standard threshold (HUCK et al., 2011, 
Fig. 5). However, the authors pointed out that 
"the uppermost Cluses section, beneath the 
drowning unconformity, is characterized by alte-
red δ13C values and 87Sr/86Sr ratios due to perva-
sive recent weathering". SIS cannot be, therefo-
re, specifically used to prove or disprove the late 
Barremian-early Aptian age assigned to the two 
rudist accumulation units. Only the potential 
occurrence of caprinid rudists in the upper rudist 
accumulation unit could bring biostratigraphic 
refinement with respect to the Southern Subalpi-
ne Chains. However, to date no age-diagnostic 
rudists have been reported in this area. As a 
result, the equivalence between the orbitolinid-
rich beds of the Cluses-Forclaz area with the Sou-
thern Subalpine Lower Orbitolina Beds is still a 
moot point which needs further investigation. 










Figure 6: Lithostratigraphy and Sr-isotope stratigraphy of the Cluses section (Northern Subalpine Chains, SE 
France) with stratigraphic interpretations proposed by HUCK et al. (2011, 2013) and FRAU et al. (this work). Sinuous 
line marks the final emersive discontinuity at the top of the Urgonian series. Symbol (#) indicate the rudist samples 
with strontium concentrations below the threshold of 1000 ppm (see HUCK et al., 2011). 
4.4. Istria 
SIS based on requieniid rudist shells from the 
Lithocodium-Bacinella episode of the Kanfanar 
section (Istria, Croatia) was documented by HUCK 
et al. (2010) (Fig. 7). Values are in the range of 
0.707395 to 0.707421, and fall in the "grey 
band", thus preventing a precise calibration. HUCK 
et al. (2010) converted the Sr-isotope values into 
numerical ages (i.e., 124.5 ± 0.4 Ma and 124.0 ± 
0.4 Ma) using the LOWESS method of HOWARTH & 
MCARTHUR (1997). Referring to GRADSTEIN et al. 
(2004), these numerical ages were associated 
with a late Barremian-early Aptian age, including 
the spreading and culmination (pro parte) of OAE 
1a. Unfortunately, HUCK et al. (2010) overlooked 
the occurrence of the age-diagnostic orbitolinid, 
P. cormyi, in the lower part of the Bacinella-Litho-
codium episode (MASSE et al., 2004), which ran-
ges in the D. deshayesi-D. furcata zones (op. 
cit.), and postdates the OAE 1a-related time 
interval. Consequently, Sr-isotope values cannot 
be used to pinpoint the position of the Bacinella-
Lithocodium episode of Kanfanar with respect to 
the lower/upper Aptian boundary. Nevertheless, 
one may notice that the Croatian Bacinella-Litho-
codium episode is younger than the Oman ones 
which predates the FO of P. cormyi and are appa-
rently associated with the OAE 1a time interval 
(see MASSE et al., 1998a, 1998b; IMMENHAUSER et 
al., 2005; SCHROEDER et al., 2010). 
5. Concluding remarks 
Based on the Sr-isotope compiled curve, the 
group of values comprised between 0.707435 
and 0.707410 represents a "grey band" in which 
SIS is unreliable for separating the uppermost 
Barremian (M. sarasini Zone) from the lower 
Aptian pro parte (D. oglanlensis-D. forbesi zo-
nes). Potentially, values ranging from 0.707485 
to 0.707440 tend to indicate an early late Barre-
mian age, while values lower than 0.707410 are 
strictly younger than the upper lower Aptian (up-
per D. forbesi-D. furcata zones time interval). 
Following our foregoing review, little doubt exists  










Figure 7: Lithostratigraphy and Sr-derived numerical ages of the Kanfanar section (Istria, Croatia) with stratigraphic 
interpretations proposed by HUCK et al. (2010) and FRAU et al. (this work). Sinuous line marks a major discontinuity. 
that Sr-isotope values cannot be specifically used 
to prove or disprove results based on shallow-
marine biological markers applied to the Urgonian 
sequences at the Barremian-Aptian transition. 
The value of 0.707427 assumed to be indicative 
of the Barremian/Aptian boundary by HOWARTH & 
MACARTHUR (1997) and HOSSEINI et al. (2016) the-
refore cannot be used with confidence. 
The conversion of Sr-isotope values to nume-
rical ages subsequently assigned to a stratigra-
phic interval is also a source of great imprecision, 
but this is mostly due to the imperfect calibration 
of numerical ages with stage boundaries. Al-
though SIS-derived ages commonly tend to 
match biostratigraphic data at the stage level in 
the lower Cretaceous (see exception in GODET et 
al., 2011, versus CHAROLLAIS et al., 2013), their 
resolution is, notwithstanding exceptions, gene-
rally too low for defining ammonite zones and 
subzones in shallow-marine carbonates. In some 
cases, biological markers should be more preci-
sely integrated with specific parts of the indeter-
minate SIS segments, and thus to improve corre-
lations. 









For the study interval, the compiled Sr-isotope 
curve is supported by a limited number of measu-
rements, especially for the OAE 1a time interval. 
The scarcity of control points precludes the 
recognition of possible temporal variations within 
a given ammonite zone and/or the existence of 
some internal variability. For instance, the appa-
rent similarity of Sr-isotope values between the 
M. sarasini and D. forbesi zones is possibly a 
sampling artefact, but until more data become 
available, the Sr-isotope curve should continue to 
be used with extreme caution for dating ammoni-
te-free stratigraphic intervals. 
Acknowledgements 
This paper benefits from the input of several 
reviewers and editors through its submission pro-
cess: Gregory PRICE (Plymouth University), Alexis 
GODET (University of Texas San Antonio) and 
Josep A. MORENO-BEDMAR (Universidad Nacional 
Autónoma de México), followed by Bruno GRANIER 
(Université de Bretagne Occidentale), Bernard 
CLAVEL (Messery) and Mariano PARENTE (University 
of Naples Federico II), who greatly improved the 
early drafts of the manuscript. They are gratefully 
acknowledged for their insightful comments. Spe-
cial thanks are also due to Emmanuel ROBERT 
(Université Claude Bernard-Lyon-I), who allowed 
access to the collections in his care and Christina 
IFRIM (Universität Heidelberg) for her continuous 
support of the first author during this study. 
Robert W. SCOTT (University of Tulsa) is gratefully 
acknowledged for final English editing. 
Bibliographic references 
AGUADO R., COMPANY M., SANDOVAL J. & TAVERA J.M. 
(1997).- Biostratigraphic events at the Barre-
mian/Aptian boundary in the Betic Cordillera, 
southern Spain.- Cretaceous Research, vol. 
18, p. 309-329. 
ANDO A., KAKEGAWA T., TAKASHIMA R. & SAITO T. 
(2002).- New perspective on Aptian carbon 
isotope stratigraphy: Data from δ13C records 
of terrestrial organic matter.- Geology, vol. 
30, no. 3, p. 227-230. 
ARNAUD H., ARNAUD-VANNEAU A., BLANC-ALÉTRU M.C., 
ADATTE T., ARGOT M., DELANOY G., THIEULOY J.-P., 
VERMEULEN J., VIRGONE A., VIRLOUVET B. & 
WERMEILLE S. (1998).- Répartition stratigraphi-
que des orbitolinidés de la plate-forme urgo-
nienne subalpine et jurassienne (SE de la 
France).- Géologie Alpine, Grenoble, t. 74, p. 
3-89. 
BERSAC S. & BERT D. (2012).- Ontogenesis, varia-
bility and evolution of the Lower Greensand 
Deshayesitidae (Ammonoidea, Lower Creta-
ceous, Southern England): Reinterpretation of 
literature data; taxonomic and biostratigraphic 
implications.- Annales du Muséum d'Histoire 
naturelle de Nice, vol. XXVII, p. 197-270. 
BERSAC S. & BERT D. (2015).- Two ammonite spe-
cies under the same name: Revision of De-
shayesites deshayesi (d'ORBIGNY, 1841) based 
on topotype material (Lower Aptian, Lower 
Cretaceous, Northeast of France).- Annales de 
Paléontologie, Paris, vol. 101, p. 265-294. 
BIRKELUND T., HANCOCK J.M., HART B.M., RAWSON 
P.F., REMANE J., ROBASZYNSKI F., SCHMID F. & 
SURLYK F. (1984).- Cretaceous stage bounda-
ries - proposals.- Bulletin of the Geological 
Society of Denmark, Copenhagen, vol. 33, p. 
3-20. 
BODIN S., FIET N., GODET A., MATERA V., WESTERMAN 
S., CLÉMENT A., JANSSEN N.M.M., STILLE P. & 
FÖLLMI K.B. (2009).- Early Cretaceous (late 
Berriasian to early Aptian) palaeoceanographic 
change along the northwestern Tethyan mar-
gin (Vocontian Trough, southeastern France); 
δ13C, δ18O, and Sr-isotope belemnite and 
whole rock records.- Cretaceous Research, 
vol. 30, p. 1247-1262. 
BODIN S., MEISSNER P., JANSSEN N.M.M., STEUBER T. 
& MUTTERLOSE J. (2015).- Large igneous pro-
vinces and organic carbon burial: Controls on 
global temperature and continental weathering 
during the Early Cretaceous.- Global and 
Planetary Change, vol. 133, p. 238-255. 
BOVER-ARNAL T., MORENO-BEDMAR J.A., FRIJIA G., 
PASCUAL-CEBRIAN E. & SALAS R. (2016).- Chro-
nostratigraphy of the Barremian-Early Albian 
of the Maestrat Basin (East Iberian Peninsula): 
Integrating strontium-isotope stratigraphy and 
ammonoid biostratigraphy.- Newsletters on 
Stratigraphy, vol. 49, no. 1, p. 41-68. 
BRALOWER T.J., FULLAGAR P.D., PAULL C.K., DWYER 
G.S. & LECKIE R.M. (1997).- Mid-Cretaceous 
strontium isotope stratigraphy of deep-sea 
sections. - Geological Society of America 
Bulletin, vol. 109, no. 10, p. 1421-1442. 
BRÉHERET J.-G. (1995).- L'Aptien et l'Albien de la 
fosse vocontienne (des bordures au bassin). 
Évolution de la sédimentation et enseigne-
ments sur les événements anoxiques.- PhD 
thesis, University of François Rabelais – Tours; 
Mémoires de la Société géologique du Nord, 
Lille, vol. 25, 614 p. URL: https://tel.archives-
ouvertes.fr/tel-00805488/ 
BURLA S., HEIMHOFER U., HOCHULI P., WEISSERT H. & 
SKELTON P.W. (2008).- Changes in sedimentary 
patterns of coastal and deep-sea successions 
from the North Atlantic (Portugal) linked to 
Early Cretaceous environmental change.- 
Palæogeography, Palæoclimatology, Palæoe-
cology, vol. 257, p. 38-57. 
BURLA S., OBERLI F., HEIMHOFER U., WIECHERT U. & 
WEISSERT H. (2009).- Improved time control on 
Cretaceous coastal deposits: New results from 
Sr isotopes measurements using laser abla-
tion.- Terra Nova, vol. 21, p. 401-409. 









BUSNARDO R. (1965).- Le stratotype du Barrémien. 
Lithologie et macrofaune. In: Colloque sur le 
Crétacé inférieur (Lyon, Septembre 1963).- 
Mémoires du Bureau de Recherches Géologi-
ques et Minières, Orléans, vol. 34, p. 101-116. 
CASEY R., BAYLISS H.M. & SIMPSON M.I. (1998).- 
Observations on the lithostratigraphy and am-
monite succession of the Aptian (Lower Creta-
ceous) Lower Greensand of Chale Bay, Isle of 
Wight, UK.- Cretaceous Research, vol. 19, p. 
511-535. 
CECCA F., DHONDT A.V. & BOGDANOVA T.N. 
(1999a).- The Aptian stratigraphy of southern 
Tuarkyr (NW Turkmenistan, central Asia).- 
Rivista Italiana di Paleontologia e Stratigrafia, 
Milano, vol. 105, no. 3, p. 337-396. 
CECCA F., ROPOLO P. & GONNET R. (1999b).- The 
appearance of the genus Deshayesites (KAZAN-
SKY, 1914, Ammonoidea) in the lowermost 
Aptian (Lower Cretaceous) of La Bédoule (SE 
France).- Rivista Italiana di Paleontologia e 
Stratigrafia, Milano, vol. 105, no. 2, p. 267-
286. 
CHAROLLAIS J., CLAVEL B., GRANIER B., BUSNARDO R. 
& CONRAD M-A. (2013).- Discussion of the 
paper by GODET et al. 2011, entitled "Reconci-
ling strontium-isotope and K-Ar ages with bio-
stratigraphy: The case of the Urgonian plat-
form, Early Cretaceous of the Jura Mountains, 
Western Switzerland" (Swiss Journal of Geo-
sciences, 104, 147-160).- Journal of Geoscien-
ces, vol. 106, p. 559-567. 
CLAVEL B., CHAROLLAIS J., BUSNARDO R., GRANIER B., 
CONRAD M., DESJAQUES P. & METZGER J. (2014).- 
La plate-forme carbonatée urgonienne (Haute-
rivien supérieur-Aptien inférieur) dans le Sud-
Est de la France et en Suisse : Synthèse.- Ar-
chives des Sciences, Genève, vol. 67, p. 1-97. 
DA GAMA R.O.B.P., BOWN P.R. & CABRAL C. (2012).- 
Calcareous nannofossil biostratigraphy of an 
outcrop section of Aptian sediments of west-
central Portugal (Lusitanian Basin).- Journal of 
Micropalaeontology, vol. 28, p. 153-160. 
DELANOY G. (1995).- About some significant 
ammonites from the Lower Aptian (Bedoulian) 
of the Angles-Barrême area (South-East Fran-
ce). In: CECCA F. (ed.), Proceedings of the 3rd 
Workshop on Early Cretaceous Cephalopods. 
Piobbico, July 1994.- Memorie Descrittive della 
Carta Geologica d'Italia, Roma, vol. LI, p. 65-
101. 
DELANOY G. (1997).- Biostratigraphie des faunes 
d'Ammonites à la limite Barrémien-Aptien 
dans la région d'Angles-Barrême-Castellane. 
Étude particulière de la Famille des Heteroce-
ratidae (Ancyloceratina, Ammonoidea).- Anna-
les du Muséum d'Histoire naturelle de Nice, 
vol. XII, p. 1-270. 
DELANOY G., BUSNARDO R., ROPOLO P., GONNET R., 
CONTE G., MOULLADE M. & MASSE J.-P. (1997).- 
The "Pseudocrioceras beds" at La Bédoule (SE 
France) and the position of the Barremian-
Aptian boundary in the historical lower Aptian 
stratotype.- Compte Rendu de l'Académie des 
Sciences (Sciences de la Terre et des Planè-
tes), Paris, vol. 325, p. 593-599. 
FABRE-TAXY S., MOULLADE M. & THOMEL G. (1965).- 
Le Bédoulien dans sa région type, La Bédoule-
Cassis (B.-du-R.). Les stratotypes de l'Aptien. 
In: Colloque sur le Crétacé inférieur (Lyon, 
septembre 1963).- Mémoires du BRGM, Or-
léans, vol. 34, p. 173-199. 
FENERCI-MASSE M., MASSE J.-P. & PERNARCIC E. 
(2005).- Quantitative stratigraphy of rudist 
limestones and its bearing on spatial organisa-
tion of rudist communities: The late Barre-
mian, Urgonian, sequences of Provence (SE 
France).- Palæogeography, Palæoclimatology, 
Palæoecology, vol. 215, p. 265-284. 
FRAU C., BULOT L.G., DELANOY G., MORENO-BEDMAR 
J.A., MASSE J.-P., TENDIL A.J.-B.T. & LANTEAUME 
C. (2018).- The candidate Aptian GSSP at 
Gorgo a Cerbara (Central Italy): An alternative 
interpretation of the bio-, litho- and chemo-
stratigraphic markers.-Newsletters on Strati-
graphy, DOI: 10.1127/nos/2017/0422 
FRAU C., DELANOY G. & HOURQUIEG E. (2015).- Le 
genre Macroscaphites MEEK, 1876 (Ammonoi-
dea) dans l'Aptien inférieur de Cassis-La 
Bédoule (Bouches-du-Rhône, France). Propo-
sition d'un nouveau schéma zonal pour la série 
stratotypique.- Revue de Paléobiologie, Genè-
ve, vol. 34, no. 1, p. 45-67. 
FRAU C., DELANOY G., MASSE J.-P., LANTEAUME C. & 
TENDIL A.J.B. (2016).- New Heteroceratidae 
(Ammonoidea) from the late Barremian dee-
pening succession of Marseille (Bouches-du-
Rhône, France).- Acta Geologica Polonica, 
Warszawa, vol. 66, no. 1, p. 205-225. 
FRAU C., PICTET A., SPANGENBER J.E., MASSE J.-P., 
TENDIL A.J.-B. & LANTEAUME C. (2017).- New 
insights on the age of the post-Urgonian marly 
cover of the Apt region (Vaucluse, SE France) 
and its implications on the demise of the North 
Provence carbonate platform.- Sedimentary 
Geology, vol. 359, p. 44-61. 
GODET A., DURLET C., SPANGENBERG J.E. & FÖLLMI 
K.B. (2016).- Estimating the impact of early 
diagenesis on isotope records in shallow-
marine carbonates: A case study from the 
Urgonian platform in western Swiss Jura.- 
Palæogeography, Palæoclimatology, Palæo-
ecology, vol. 454, p. 125-138. 
GODET A., FÖLLMI K.B., STILLE P., BODIN S., MATERA 
V. & ADATTE T. (2011).- Reconciling strontium-
isotope and K-Ar ages with stratigraphy: The 
case of the Urgonian platform, early Creta-
ceous of the Jura Mountains, western Switzer-
land.- Swiss Journal of Geosciences, vol. 104, 
p. 147-160. 
GRADSTEIN F.M., OGG J.G., SMITH A.G., BLEEKER W. 
& LOURENS L.J. (2004).- A new Geologic Time 









Scale, with special reference to Precambrian 
and Neogene.- Episodes, vol. 27, p. 83-100. 
GRADSTEIN F.M., OGG J.G., SCHMITZ M.D. & OGG 
G.M. (2012).- The Geologic Time Scale 2012.- 
Elsevier, 1174 p. 
GRÖCKE D.R., HESSELBO S.P. & JENKYNS H.C. 
(1999).- Carbon-isotope composition of lower 
Cretaceous fossil wood: Ocean-atmosphere 
chemistry and relation to sea-level change.- 
Geology, vol. 27, no. 2, p. 155-158. 
HEIMHOFER U., HOCHULI P.A., BURLA S. & WEISSERT 
H. (2007).- New records of Early Cretaceous 
angiosperm pollen from Portuguese coastal 
deposits: Implications for the timing of the 
early angiosperm radiation.- Review of Palaeo-
botany and Palynology, vol. 144, p. 39-76. 
HOSSEINI S., CONRAD M.A., CLAVEL B. & CARRAS N. 
(2016).- Berriasian-Aptian shallow water car-
bonates in the Zagros fold-thrust belt, SW 
Iran: Integrated Sr-isotope dating and bio-
stratigraphy.- Cretaceous Research, vol. 57, 
p. 257-288. 
HOWARTH R.J. & MCARTHUR J.M. (1997).- Statistics 
for strontium isotope stratigraphy. A robust 
LOWESS fit to the marine Sr-isotope curve for 
0-206 Ma, with look-up table for the deriva-
tion of numerical age.- Journal of Geology, 
vol. 105, p. 441-456. 
HUCK S. & HEIMHOFER U. (2015).- Improving shal-
low water carbonate chemostratigraphy by 
means of rudist bivalve sclerochemistry.- Geo-
chemistry, Geophysics, Geosystems, vol. 16, 
doi:10.1002/2015GC005988. 
HUCK S., HEIMHOFER U. & IMMENHAUSER A. (2012).- 
Early Aptian algal bloom in a neritic proto-
North Atlantic setting: Harbinger of global 
change related to OAE 1a?.- Geological So-
ciety of America Bulletin, vol. 124, p. 1810-
1825. 
HUCK S., HEIMHOFER A., IMMENHAUSER A. & WEISSERT 
H. (2013).- Carbon-isotope stratigraphy of 
early Cretaceous (Urgonian) shoal water depo-
sits: Diachronous changes in carbonate-plat-
form production in the north-western Tethys.- 
Sedimentary Geology, vol. 290, p. 157-174. 
HUCK S., HEIMHOFER U., RAMEIL N., BODIN S. & 
IMMENHAUSER A. (2011).- Strontium and car-
bon-isotope chronostratigraphy of Barremian-
Aptian shoal water carbonates: Northern 
Tethyan platform drowning predates OAE 1a.- 
Earth and Planetary Sciences Letters, vol. 304, 
p. 547-558. 
HUCK S., RAMEIL N., KORBAR T., HEIMHOFER U., WIEC-
ZOREK T.D. & IMMENHAUSER A. (2010).- Latitudi-
nally different responses of Tethyan shoal-
water carbonate systems to the Early Aptian 
oceanic anoxic event (OAE1a).- Sedimentolo-
gy, vol. 57, p. 1585-1614. 
IMMENHAUSER A., HILLGÄRTNER H. & BENTUM E. van 
(2005).- Microbial-foraminiferal episodes in 
the Early Aptian of the southern Tethyan mar-
gin: Ecological significance and possible rela-
tion to oceanic anoxic event 1a.- Sedimentolo-
gy, vol. 52, p. 77-99. 
JONES C.E., JENKYNS H.C., COE A.L. & HESSELBO S.P. 
(1994).- Strontium isotopic variations in Ju-
rassic and Cretaceous seawater.- Geochimica 
et Cosmochimica Acta, vol. 58, no. 14, p. 
3061-3074. 
KLINGER H.C., KAKABADZE M.V. & KENNEDY W.J. 
(1984).- Upper Barremian (Cretaceous) hete-
roceratid ammonites from South Africa and 
the Caucasus and their palaeobiogeographic 
significance.- Journal of Molluscan Studies, 
London, vol. 50, p. 43-60. 
LANDRA G., CECCA F. & VAŠÍČEK Z. (2000).- Early 
Aptian ammonites from the top of the Maiolica 
and the anoxic "Selli level" (Lombardy, Sou-
thern Alps).- Bollettino della Societa Paleonto-
logica Italiana, Modena, vol. 39, p. 29-45. 
LEENHARDT F. (1883).- Étude géologique de la ré-
gion du Mont-Ventoux. - Thèse, Université de 
Montpellier, 273 p. 
LEHMANN J., HELDT M., BACHMANN M. & HEDI NEGRA 
M.E. (2009).- Aptian (Lower Cretaceous) bio-
stratigraphy and cephalopods from north cen-
tral Tunisa.- Cretaceous Research, vol. 30, no. 
1, p. 895-910. 
LEHMANN J., IFRIM C., BULOT L.G. & FRAU C. (2015).- 
Chapter II, Part 9. Paleobiogeography of early 
Cretaceous ammonites. In: KLUG C., KORN D., 
DE BAETS K., KRUTA I. & MAPES R.H. (eds.), Am-
monoid paleobiology: From macroevolution to 
paleobiogeography.- Topics in Geobiology 44, 
Springer Netherlands, 598 p. 
LI J., HU X., ZHAO K., CAI Y. & SUN T. (2016).- 
Paleoceanographic evolution and chronostra-
tigraphy of the Aptian Oceanic Anoxic Event 
1a (OAE1a) to oceanic red bed 1 (ORB1) in 
the Gorgo a Cerbara section (central Italy).- 
Cretaceous Research, vol. 66, p. 115-128. 
LUKENEDER A., UCHMAN A., GAILLARD C. & OLIVERO D. 
(2012).- The late Barremian Halimedides hori-
zon of the Dolomites (Southern Alps, Italy).- 
Cretaceous Research, vol. 35, p. 199-207. 
MASSE J.-P. (1966).- Sur la présence en Basse-
Provence d'un niveau à Favreina aff. Sale-
vensis (PARÉJAS), à la limite Barrémien-
Aptien.- Comptes Rendus sommaires de la So-
ciété géologique de France, Paris, vol. 8, p. 
298-300. 
MASSE J.-P. (1976).- Les calcaires urgoniens de 
Provence (Valanginien-Aptien inférieur). Stra-
tigraphie, paléontologie, les paléoenviron-
nements et leur évolution.- Unpublished PhD 
thesis, Université of Aix-Marseille II, Marseille, 
445 p. 
MASSE J.-P. (1995).- Lower Cretaceous Rudist 
Biostratigraphy of Southern France, a Refe-
rence for Mesogean Correlations.- Revista 
Mexicana de Ciencias geologicas, Mexico, vol. 
12, p. 236-256. 









MASSE J.-P. (2003).- Integrated stratigraphy of 
the Lower Aptian and applications to carbo-
nate platforms: A state of the art. In: GILI E., 
NEGRA M. & SKELTON P.W. (eds.), North African 
Cretaceous carbonate platform systems.- 
Kluwer Academic publishers, p. 203-214. 
MASSE J.-P., BORGOMANO J. & AL MASKIRY S. 
(1998a).- A platform-to-basin transition for 
Lower Aptian carbonates (Shuaiba Formation) 
of the northeastern Jebel Akhdar (Sultanate of 
Oman).- Sedimentary Geology, vol. 119, p. 
297-309. 
MASSE J.-P., BOUAZIZ S., AMON E.O., BARABOSHKIN 
E., TARKOWSKI R., BERGERAT F., SANDULESCU M., 
PLATEL J.-P., CANÉROT J., GUIRAUD R., POISSON 
A., ZIEGLER M. & RIMMELE G.  (2000).- Early 
Aptian  (112-114 Ma). In: DERCOURT J., GAETANI 
M., VRIELYNCK B., BARRIER E., BIJU-DUVAL B., 
BRUNET M.-F., CADET J.-P., CRASQUIN S. & SAN-
DULESCU M. (eds.), Atlas Peritethys. Palaeo-
geographical maps.- CCGM/CGMW, Paris. 
MASSE J.-P., CHARTROUSSE A. & BORGOMANO J. 
(1998b).- The Lower Cretaceous (Upper Bar-
remian-Lower Aptian) caprinid rudists from 
Oman.- Géobios, Mémoire spécial, vol. 22, p. 
211-233. 
MASSE J.-P. & FENERCI-MASSE M. (2006).- Carbona-
te production by rudist bivalves. The record of 
late Barremian requieniid communities from 
Provence (SE France).- Palæogeography, Pa-
læoclimatology, Palæoecology, vol. 234, p. 
239-257. 
MASSE J.-P. & FENERCI-MASSE M. (2011).- Drowning 
discontinuities and stratigraphic correlation in 
platform carbonates. The late Barremian-early 
Aptian record of southeast France.- Creta-
ceous Research, vol. 32, p. 659-684. 
MASSE J.-P. & FENERCI-MASSE M. (2015).- Evolution 
of the rudist bivalve Agriopleura KÜHN (Radioli-
tidae, Hippuritida) from the Mediterranean re-
gion.- Palaeontology, vol. 58, part. 1, p. 71-
100. 
MASSE J.-P., FENERCI M. & BORGOMANO J. (2001).- 
Levelling pattern in peritidal carbonates, Late 
Barremian from Cassis (Marseille region, SE 
France). Anatomic implications.- Géologie 
Méditerranéenne, vol. XXVIII, no. 1-2, p. 117-
120. 
MASSE J.-P., FENERCI-MASSE M., KORBAR T. & VELIĆ 
I. (2004).- Lower Aptian rudist faunas (Bival-
via, Hippuritoidea) from Croatia.- Geologia 
Croatica, Zagreb, vol. 57, no. 2, p. 117-137. 
MASSE J.-P. & STEUBER T. (2007).- Strontium 
isotope stratigraphy of early Cretaceous rudist 
bivalves. In: Cretaceous rudists and carbonate 
platforms: Environmental feedback.- SEPM 
Special Publication 87, p. 159-165. 
MCARTHUR J.M., HOWARTH R.J. & BAILEY T.R. 
(2001).- Strontium isotope stratigraphy: 
LOWESS version 3: Best fit to the marine iso-
tope curve for 0-509 Ma and accompanying 
look-up table for deriving numerical age.- 
Journal of Geology, vol. 109, p. 155-170. 
MCARTHUR J.M., HOWARTH R.J. & SHIELDS G.A. 
(2012).- Strontium isotope stratigraphy. In: 
GRADSTEIN F.M. (ed.), The Geologic Time Scale 
2012, vol. 1.- Elsevier Science, p. 127-144, 
MCARTHUR J.M., MUTTERLOSE J., PRICE G.D., RAWSON 
P.F., RUFFELL A. & THIRLWALL M.F. (2004).- 
Belemnites of Valanginian, Hauterivian and 
Barremian age: Sr-isotope stratigraphy, com-
position (87Sr/86Sr, δ13C, δ18O, Na, Sr, Mg), 
and palaeo-oceanography.- Palæogeography, 
Palæoclimatology, Palæoecology, vol. 202, p. 
253-272. 
MEARON S., PAYTAN A. & BRALOWER T.J. (2003).- 
Cretaceous strontium isotope stratigraphy 
using marine barite.- Geology, vol. 31, p. 15-
18. 
MENEGATTI A.P., WEISSERT H., BROWN R.S., TYSON 
R.V., FARRIMOUD P., STRASSER A. & CARON M. 
(1998).- High resolution δ13C stratigraphy 
through the early Aptian "Livello Selli" of the 
Alpine Tethys.- Palaeoceanography, vol. 13, 
no. 5, p. 530-545. 
MORENO-BEDMAR J.A., BARRAGÁN R., DELANOY G., 
COMPANY M. & SALAS R. (2014).- Review of the 
early Aptian (Early Cretaceous) ammonoid 
species Deshayesites deshayesi (d'ORBIGNY, 
1841).- Cretaceous Research, vol. 51, no. 4, 
p. 341-360. 
MORENO-BEDMAR J.A., COMPANY M., BOVER-ARNAL T., 
SALAS R., DELANOY G., MARTÍNEZ R. & GRAUGES A. 
(2009).- Biostratigraphic characterization by 
means of ammonoids of the lower Aptian 
Oceanic Anoxic Event (OAE 1a) in the eastern 
Iberian Chain (Maestrat Basin, eastern Spain) 
- Cretaceous Research, vol. 30, p. 864-872. 
MORENO-BEDMAR J.A., COMPANY M., BOVER-ARNAL T., 
SALAS R., DELANOY G., MAURRASSE F.J.-M.R., 
MARTÍNEZ R. & GRAUGES A. (2010).- Lower 
Aptian ammonite biostratigraphy in the 
Maestrat Basin (Eastern Iberian Chain, Eastern 
Spain). A Tethyan transgressive record enhan-
ced by synrift subsidence.- Geologica Acta, 
Barcelona, vol. 8, no. 3, p. 281-299. 
MORENO-BEDMAR J.A., COMPANY M., SANDOVAL J., 
TAVERA J.M., BOVER-ARNAL T., SALAS R., DELANOY 
G., MAURRASSE F.J.-M.R. & MARTÍNEZ R. (2012).- 
Lower Aptian ammonite and carbon isotope 
stratigraphy in the eastern Prebetic Domain 
(Betic Cordillera, southeastern Spain).- Geolo-
gica Acta, Barcelona, vol. 10, p. 333-350. 
MOULLADE M., MASSE J.-P., TRONCHETTI G., KUHNT 
W., ROPOLO P., BERGEN J.A., MASURE E. & RENARD 
M. (2000).- Le stratotype historique de 
l'Aptien inférieur (région de Cassis-La Bédoule, 
SE France) : Synthèse stratigraphique.- Géo-
logie Méditerranéenne, Marseille, vol. XXV 
(1998), no. 1-2, p. 289-298. 
MUTTERLOSE J., BODIN S. & FÄHNRICH L. (2014).- 
Strontium-isotope stratigraphy of the Early 










tions for Boreal-Tethys correlation and paleo-
climate.- Cretaceous Research, vol. 50, p. 
252-263. 
MUTTERLOSE J. & BORNEMANN A. (2000).- Distribu-
tion and facies patterns of Lower Cretaceous 
sediments in northern Germany: A review.- 
Cretaceous Research, vol. 21, p. 733-759. 
NAJARRO M., ROSALES I., MORENO-BEDMAR J.A., DE 
GEA G.A., BARRON E., COMPANY M. & DELANOY G. 
(2011).- High resolution chemo- and biostrati-
graphic records of the Early Aptian oceanic 
anoxic event in Cantabria (N. Spain): Palaeo-
ceanographic and palaeoclimatic implications.- 
Palæogeography, Palæoclimatology, Palæo-
ecology, vol. 299, p. 137-158. 
OGG J.G., OGG G.M. & GRADSTEIN F.M. (2016).- A 
concise Geologic Time Scale 2016.- Elsevier, 
234 p. 
PICTET A. (2016).- The evolution and demise of 
Aptian carbonate platforms along the north-
western Tethyan margin (SE France to SW 
Germany), and their relationship with palaeo-
climatic and palaeoceanographic changes.- 
Unpublished Ph.D. thesis, University of Lau-
sanne, 719 p. 
RAWSON P.F. (1983).- The Valanginian to Aptian 
stages- current definitions and outstanding 
problems.- Zitteliana, München, vol. 10, p. 
493-500. 
REBOULET S., RAWSON P.F., MORENO-BEDMAR J.A., 
AGUIRRE-URRETA M.B., BARRAGÁN R., BOGOMOLOV 
Y., BARRAGÁN M., GONZÁLEZ-ARREOLA C., STOYA-
NOVA V.I., MATRION B., MITTA V., RANDRIANALY H., 
VAŠÍČEK Z., BARABOSHKIN E.J., BERT D., BERSAC 
S., BOGDANOVA T.N., BULOT L.G., LATIL J.L., MI-
KHAILOVA I.A., ROPOLO P. & SZIVES O. (2011).- 
Report on the 4th International Meeting of the 
IUGS Lower Cretaceous Ammonite Working 
Group, the "KILIAN Group" (Dijon, France, 30th 
August 2010).- Cretaceous Research, vol. 32, 
p. 786-793. 
REBOULET S., SZIVES O., AGUIRRE-URRETA M. B., 
BARRAGÁN R., COMPANY M., IDAKIEVA V., IVANOV 
M., KAKABADZE M.V., MORENO-BEDMAR J.A., 
SANDOVAL J., BARABOSHKIN E.J., ÇAĞLAR M.K., 
FŐZY I., GONZALES-ARREOLA C., KENJO S., LUKENE-
DER A., RAISOSSADAT S.N., RAWSON P.F. & TAVERA 
J.M. (2014).- Report on the 5th International 
Meeting of the IUGS Lower Cretaceous Am-
monite Working Group, the "KILIAN Group" 
(Ankara, Turkey, 31st August, 2013).- Creta-
ceous Research, vol. 50, p. 126-137. 
REY J. (1992).- Les unités lithostratigraphiques du 
Crétacé inférieur de la région de Lisbonne.- 
Comunicaçoes dos Serviços Geologicos de 
Portugal, Lisboa, vol. 78, p. 103-124. 
ROPOLO P., CONTE G., GONNET R., MASSE J.-P. & 
MOULLADE M. (2000a).- Les faunes d'ammo-
nites du Barrémien supérieur/Aptien inférieur 
(Bédoulien) dans la région stratotypique de 
Cassis-La Bédoule (SE France) : État des con-
naissances et propositions pour une zonation 
par ammonites du Bédoulien type.- Géologie 
Méditerranéenne, Marseille, vol. XXV (1998), 
no. 1-2, p. 167-175. 
ROPOLO P., GONNET R. & CONTE G. (1999).- The 
"Pseudocrioceras interval" and adjacent beds 
at La Bédoule (SE France): Implications to the 
highest Barremian-lowest Aptian biostratigra-
phy.- Scripta Geologica, Leiden, Issue 3, p. 
159-213. 
ROPOLO P., GONNET R. & CONTE G. (2000b).- Le 
genre Pseudocrioceras dans les couches de 
passage du Barrémien supérieur/Bédoulien 
inférieur de Cassis-La Bédoule (SE France).- 
Géologie Méditerranéenne, Marseille, vol. XXV 
(1998), no. 1-2, p. 85-123. 
ROPOLO P., MOULLADE M., GONNET R., CONTE G. & 
TRONCHETTI G. (2006).- The Deshayesitidae 
STOYANOV, 1949 (Ammonoidea) of the Aptian 
historical stratotype region at Cassis-La Bé-
doule (SE France).- Carnets Geol., Madrid, vol. 
6, no. M01, p. 1-46. 
SCHROEDER R., BUCHEM F.S.P. van, CHERCHI A., 
BAGHBANI D., VINCENT B., IMMENHAUSER A. & GRA-
NIER B. (2010).- Revised orbitolinid biostrati-
graphic zonation for the Barremian - Aptian of 
the eastern Arabian Plate and implications for 
regional stratigraphic correlations.- GeoArabia 
Special publication 4, Manama, vol. 1, p. 49-
96. 
STEUBER T., RAUCH M., MASSE J.-P., GRAAF J. & MAL-
KOČ M. (2005).- Low-latitude seasonality of 
Cretaceous temperatures in warm and cold 
episodes.- Nature, vol. 437, 1341-1344. 
STROHMENGER C.J., STEUBER T., GHANI A., BARWICK 
D.G., AL-MAZROOEI S.H.A. & AL-ZAABI N.A. 
(2010).- Sedimentology and chemostratigra-
phy of the Hawar and Shu'aiba depositional 
sequences, Abu Dhabi, United Arab Emirates.- 
GeoArabia Special publication 4, Manama, vol. 
2, p. 341-365. 
TRABOLD G.L. (1996).- Development of the Urgo-
nian limestones in the Delphino Helvetic 
realm. (Northern subalpine chains, Haute-Sa-
voie, France). Sedimentology, Sequence 
Stratigraphy and Biostratigraphy.- Publications 
du Département de Géologie et Paléontologie, 
Université de Genève, vol. 20, 187 p. 
VEIZER J. (1989).- Strontium isotopes in seawater 
through time.- Annual Review of Earth and 
Planetary Sciences, vol. 17, p. 141-167. 
WERMEILLE S. (1996).- Étude sédimentologique, 
minéralogique et micropaléontologique des 
calcaires urgoniens de la région subalpine 
(Savoie, France). Coupes du Rocher de Cluses, 
du Borne et d'Andey.- Unpublished Master 
thesis, University of Neuchâtel, 129 p. 
 
